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Abstract 
Due to the high cost and maintenance, Most of the color sensor cameras are arranged with CFA (color filter array), it 
produces the mosaicked image. The process of reconstruction is called demosaicing. There are various issues to reconstruct the 
mosaicked images. To overcome these issues we proposed a bilinear interpolation scheme to detect the missing pixel values 
which are required at the reconstruction stage and radial basis neural network approach to perform the efficient reconstruction to 
the image. Experimental results shows the proposed algorithm outperforms when compared to other existing state of art 
techniques. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of organizing committee of the 2016 International Conference on Computational Modeling and 
Security (CMS 2016). 
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1. Introduction 
Digital cameras use the monochromatic sensors to capture the images from intensities of the incoming light. 
Color images are mainly constructed with the combination of three channels (Red channel, green channel and blue 
channel). To acquire a full image the cost of the three sensors is the main issue so to overcome this only one sensor  
* Corresponding author. Tel.:+91-944-108-2559 . 
E-mail address:prakashvnv@gmail.com 
© 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommon .org/licenses/by-nc- d/4.0/).
Peer-review under responsibility of the Organizing Committee of CMS 2016
828   V.N.V. Satya Prakash et al. /  Procedia Computer Science  85 ( 2016 )  827 – 833 
is used with the color filter array (CFA).  Mostly used color filter array pattern is Bayer pattern, in this pattern half 
pixel of the image measure the green channel (G) and quarter of the pixel measures the Red and Blue components 
because human eye can distinguish wider range of green color compared to red and blue. The captured image by this 
process is called mosaicked image which have some missing values of pixels. Demosaicing is the process to 
reconstruct the missing values of pixel to acquire the full color image. These missing pixels can be estimated by 
using spatial invariant interpolation method which is bicubic interpolation or bilinear interpolation. 
Recently various algorithms have been proposed to improve the quality of reconstructed demosaiced image. 
These algorithms are based on the interpolation techniques, spatial method and spectral based methods. Different 
demosaicking algorithms [1-9] in view of the Bayer example have been proposed in the previous couple of decades 
to achieve a full reconstructed color image. Among them, numerous demosaicking strategies utilized a directional 
weighted interpolation (DWI) approach, where the four directional estimations of the middle missing color part are 
given in view of a typical presumption in demosaicking that there is a high channel relationship inside of an object 
of an image [2]. 
In order to improve the existing work linear minimum square error estimation was proposed based on the soft 
decision algorithm [3]. In this method color difference of an image are combined optimally along with the horizontal 
and vertical directions of the image.  In [4], Khashabi et al. introduced a machine learning approach to reconstruct 
the mosaicked image efficiently. Images are modeled based on the statistical data and ground truth data, along with 
this they proposed denoising technique also to remove the noise from reconstructed image. A new approach based 
on the compressive sensing of the data is proposed by Moghadam et al in [5]. For better understanding, color and 
inter pixel information is considered in this work. Image acquired from the CFA sensor cameras are mosaicked 
images and while performing reconstruction, edge preservation is the crucial task to review the information of the 
image. By keeping this in mind diffusion based approach for the color image demosaicing was utilized which senses 
the edges of the image and preserves the information. This method concentrates on the green channel of the image 
and helps to reduce the error induced while reconstruction. Recently one more approach was introduced based on 
the pixel projection method. This approach is called alternate projection. This approach is based on the frequency 
method. To improve the accuracy of this approach a wavelet based method was introduced by Nazzal, M[6]. 
Ling Shao et al. [7] proposed a adaptive algorithm by considering red, blue and green channels of the image. In 
this method classification of blocks was performed based on the pixels and the trained filters. Maalouf et al.[8] 
proposed a new method based on bandlet transform. The luminance of the image was achieved by utilizing spatial 
multiplexing and then by using maximal gradient method was used to reconstruct the image. 
2.Issues and challenges faced 
There are still some challenges and issues in the field of demosaicing. The main issues are mentioned below:
2.1Artifacts in colors 
Most of the algorithms are constructed using transform domain which causes the artifacts in the color of the 
image while reconstructing using demosaicing methods. 
2.2Pixel lost 
Image is the combination of pixel and these pixels have some information. During reconstruction of the image, 
the image is transformed to various domains, in this process of reconstruction some pixels get dropped which affects 
the quality of reconstructed image. 
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2.3Luminance 
Luminance of an image is not considered in various existing approaches. These researches are based upon the 
predefined constraints of an image so in this case if the images are varying; the luminance of image also varies 
unevenly which reduces the performance of reconstruction. 
To overcome these issues of reconstruction of color images, we propose a radial basis neural network approach 
by using demosaicing approach. The remaining paper is organized as follows. The proposed method  is presented in 
section three. The details of Radial basis neural network and its learning is given in section four. The experimental 
study and performance comparison of our proposed with other state of art demosaicing algorithms is presents in 
section five . The conclusions and future work is discussed in the last section of the paper. 
3. Proposed method 
In the proposed model luminance and chrominance information of the pixels are achieved from the Bayer pattern 
by using Fourier transform. Red channel, green channel and blue channel of an image acquired from CFA can be 
written as 
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is the image,  is ith  color matrix for the ith channel and M is the index of the modulation. M is 0 for 
measured conditions and 1 for the other conditions. 
This can be further divided to get the red, green and blue channels . 
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    In the above equation, the expression is given to achieve the R, G and B based on the modulation index. Here M1
corresponds to red channel,M2corresponds to green channel and M3corresponds to blue channels. To extract the 
information of  luminance from image, a low pass filter is used. Frequency domain approach is used for the image 
alignment. Luminance information is stored in the Fourier transform of CFA and then the extraction algorithm is 
applied to the CFA images then images are separated into luminance and chrominance by utilizing low pass and 
interpolated.   
         
    For image alignment rotation estimation is applied by computing the rotation angle. Frequency content of each 
image at each angle can be defined as 
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Where ICFA ( , )U T is the Fourier Transform of the image in Polar Co-ordinates. 
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3.1Separation of  Luminance and Chrominance 
   In this section we present the method of separation of luminance and chrominance and later these images are 
interpolated by the proposed interpolation scheme. Red, green and blue chrominance parts are achieved by 
subtracting from the CFA extracted image. 
It gives the luminance image and three channels of the image 
ICFAl F                                 (4)
Luminance image can be achieved from the above given equation. The  three chrominance images can be obtained 
by using the following equations . 
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Then the next step is to perform bilinear interpolation for the luminance channel of the image which is computed by 
using Eqn.( 3). In the same way for R, G, B also luminance is computed and by adding these we achieve a high 
resolution image. The high resolution image is given by the below given equation. 
'
E E ¦¦                   (6) 
Where E is the high resolution image and E’ is the error induced. 
3.2 Reconstruction of the image. 
Assuming E is the intermediate image obtained from Eqn (5) and D is the perfect demosaiced image; we 
formulate the image corruption process as 
(D)E ER                   (7) 
Where E R Rn nR  o  is error process induced due to the polynomial surface fitting. Then, demosaicing learning 
objective becomes: 
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The above given equation shows the best approximation of the image. Now it can be treated as demosaicing 
problem in a unified framework. 
4. Radial basis neural network 
To In this section we present the radial basis neural network function to predict the weights of the images. We 
propose a module which computes the weights of the images and combine these weights linearly. 
Let D is the original data and the corrupted data is given by 
( ) (W b)
ii E
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To activate the hidden layers, sigmoid activation is applied to the data. This data can be trained by using various 
techniques according to the minimization of the errors. 
N
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A i
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4.1Learning of the Radial basis neural network 
The next stage is to perform learning of the neural network. In this section we present the learning phase of the 
radial basis neural network. The feature vectors  are computed by Radial basis neural network and with the help of 
this the weights are produced by using optimal training data weights. The architecture of RBF neural network is 
given in Fig.1. In this architecture the input nodes, kernel node and outputs are shown. The hidden layer of the RBF 
network contains the centroid. For each input data the distance is computed between trained weights and the 
centroid. The computation of the output depends upon the radially symmetric function and this is the efficient output 
achieved when it is near to the node.
                 
                          
                           Fig.1. Architecture of RBF Neural Network 
In our proposed model we assume  input nodes and  as the output nodes. The response of the model at the 
output node can be computed as 
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n  represents the natural number at the kernel node in the hidden layers. 
Wi denotes the weights for the vectors 
a  is the input vector data 
k is the radial symmetric function for the kernels 
vi is  the centroid and  is the smoothing factor. 
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5. Simulation result and analysis  
To validate our proposed system the most commonly used McMaster (McM) [9] is considered in the 
experimental study and performance comparisons. The McMaster (McM) dataset consists of 18 images each having 
a high resolution of 500x500 and 24 bit color depth. The McMaster (McM) considered in the experimental study 
and performance comparisons are shown in Table 2. The proposed demosaicing technique is developed using 
MATLAB. To evaluate the performance of demosaiced images obtained in the proposed system, color-peak signal-
to-noise ratio (CPSNR) defined in [10] is used. The CPSNR is computed using 
            10
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Table. 1. PSNR (of red, green and blue channels) and CPSNR results in dB obtained. 
Image No. Red channel Green channel Blue channel CPSNR 
1 45.19 46.98 44.20 45.22 
2 47.56 50.01 46.97 47.89 
3 46.10 47.99 44.79 45.98 
4 48.35 51.72 46.97 48.37 
5 48.94 50.10 46.46 48.04 
  The proposed algorithm was compared with DLMMSE [3], ESF [12], , MSG [13], LPA [14] demosaicing 
algorithms.
Table. 2. Comparison with other state of art techniques 
Image No. DLMMSE ESF MSG LPA Proposed  method 
1 26.98 26.38 27.05 26.82 45.22 
2 33.68 33.48 33.67 33.84 47.89 
3 32.59 32.56 32.93 32.47 45.98 
4 34.32 34.97 35.49 34.94 48.37 
          
6. Conclusion 
In this work we present a frequency domain method for image demosaicing. Frequency domain based techniques 
are used to obtain the luminance and chrominance of the image which gives the accurate information about pixel 
distribution. In the next step a bilinear interpolation approach is utilized to estimate the missing values of the pixels. 
To overcome the existing issues of the efficient reconstruction of image we propose radial basis neural network 
approach for the reconstruction. The experimental study shows the efficiency of the proposed method over the 
existing methods. 
833 V.N.V. Satya Prakash et al. /  Procedia Computer Science  85 ( 2016 )  827 – 833 
References 
1. Xiao Zhou, Fanfan Yang, Chunxiao Zhang and Chengyou Wang.Improved adaptive demosaicking using directional weighting .9thInternational     
   Conference on Computer  Science &Education (ICCSE),2014 , vol., no., pp.615-618, 22-24 Aug. 2014. 
2. Wachira, Kinyua, Mwangi, Elijah, Jeon, and Gwanggil.A pentomino-based path inspired demosaicking technique for  the bayer color filter   
     array.  AFRICON, 2015 , vol., no., pp.1-5, 14-17 Sept. 2015. 
3. L. Zhang  and X. Wu. Color demosaicking via directional linear minimum mean square-error estimation. IEEE Trans. Image Processing ;   
    2005,14(12): 2167–2178. 
4. Khashabi, D., Nowozin, S., Jancsary,J.and Fitzgibbon. A.W. Joint Demosaicing and Denoising via Learned Nonparametric Random Fields.      
    IEEE Trans. on Image Processing;2014,23(12):.4968-4981. 
5. Moghadam. A.A., Aghagolzadeh. M, Kumar. M and Radha. H .Compressive Framework for Demosaicing of Natural Images. IEEE Trans. on    
    Image Processing:2013,22(6):.2356-2371. 
6. Nazzal.M.and Ozkaramanli. H.Image demosaicing by an improved alternating projections algorithm based on dual-tree complex wavelet  
    transform . International Conference on Technological Advances in Electrical, Electronics and Computer Engineering (TAEECE), 2013 , 312-  
    317. 
7. Shao, Ling, and Amin Ur Rehman. Image demosaicing using content and color- correlation analysis. Signal Processing .10/2014;103: 84-91. 
8. Maalouf, Aldo, M-C. Larabi and S. Susstrunk. An efficient demosaicing technique  using geometrical information. IEEE 19th  international  
   Conference on. Image Processing (ICIP): 2012: 2789-2792.  
9. Lei Wang and Gwanggil Jeon. Bayer Pattern CFA Demosaicking Based on Multi-Directional Weighted Interpolation and Guided Filter.IEEE   
    Signal Processing Letters:2015, 22(11):.2083-2087. 
10. Alleysson. D, Susstrunk. S.and  Herault. J .Linear demosaicing inspired by the human visual system. IEEE Trans. on Image Processing :
      2005,14(4):.439-449. 
11. H. S. Malvar, L.-W. He, and R. Cutler .High-quality linear interpolation for demosaicing of Bayer-patterned color images. Proc. Int. Conf.  
      Acoustic Speech Signal Process: 2004: 485–488. 
12. I. Pekkucuksen and Y. Altunbasak .Edge Strength filter based color filter array interpolation. IEEE Trans. on  Image Processing: 2012, 
      20(1) : 393 -39 7. 
13. I. Pekkucuksen and Y. Altunbasak. Multiscale Gradients-Based Color Filter Array Interpolation .IEEE Trans. on  Image Processing : 2013 ,   
      22(1): 157-165. 
14. X. Li, B. Gunturk, and L. Zhang, Image demosaicing: a systematic survey.  Proc. of SPIE, vol. 6822, pp. 68221J, 2008.
